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Plasma concentrations of endogenous heparinoids in
portal hypertension
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Abstract
Bleeding as a complication of liver disease can
occur in the absence ofrecognised haemostatic
defects. It is now possible to measure the
concentration of endogenous heparinoid sub-
stances in the blood using a competitive bind-
ing assay. One such substance, heparan
sulphate (normal range <600 ng/ml) was
assayed in the plasma of 49 patients admitted
because of oesophageal varices. In 27 patients
with recent upper gastrointestinal bleeding the
median plasma heparan sulphate value was
1700 nglml (interquartile (IQ) range 900-3900)
compared with 390 nglml (IQ range 256-800) in
22 patients with no recent bleed (p<0-01). As
heparan sulphate is metabolised by the same
route as exogenous heparin, an attempt to
establish a cause for the raised heparan con-
centrations was made by measuring the clear-
ance of exogenous heparin in 10 portal
hypertensive patients and 10 controls. The
median half life of heparin in plasma in the
portal hypertensive patients (25.5 minutes; IQ
range 22-34) was significantly longer (p<0.007)
than the median half life in the controls (18.7
minutes; IQ range 17-21.5). Thus, there is
evidence of raised concentrations of endo-
genous heparin like substances in portal hyper-
tensive patients after gastrointestinal bleeding.
These high concentrations may result from
reduced hepatic clearance.
(Gut 1992; 33: 1549-1552)
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It has been recognised for many years that
abnormal bleeding and coagulation problems are

associated with liver disease. In a recent review,
Kelly and Tuddenham' highlighted the large
number of coagulation abnormalities that may
occur in liver disease and showed that these may
be inter-related. Nonetheless, bleeding problems
may also occur in the absence ofobvious coagula-
tion abnormalities. In a study of 200 patients,
Ewe2 could find no correlation between 'liver
bleeding time' at laparoscopic biopsy and stan-
dard coagulation tests.
Heparan sulphate is a highly sulphated endo-

genous heparinoid which normally constitutes a

small proportion of the free fraction of plasma
glycosaminoglycans.3 It is found in high concen-

tration in endothelial cells and has some anti-
coagulant activity.4 Its function is not fully
understood, but its presence in blood vessels
suggests a role in the prevention of intravascular
thrombosis. In several reports abnormal bleed-
ing has been found in the presence of high
heparan sulphate values. 5`

A new assay has recently been developed to
measure the plasma heparin concentration` and
has been modified to quantitate plasma heparan

sulphate.'` A wide range of patient samples was
screened on a pilot basis for heparan sulphate
values and a number of patients with liver disease
were noted to have very high concentrations.
Two studies have therefore been performed. In
the first, plasma heparan sulphate concentrations
were measured in a number of patients with
portal hypertension and the values obtained
compared with a clinical assessment of liver
function. The second study compared heparin
clearance rates in patients with liver disease and
normal controls.

Patients and methods

HEPARAN SULPHATE VALUES
In the first study, blood samples were taken from
a consecutive series of 49 patients admitted for
treatment of oesophageal varices. These patients
were admitted either as emergencies because of
gastrointestinal bleeding or electively for injec-
tion sclerotherapy for oesophogeal varices.
On admission to the University Department of

Surgery, Glasgow Royal Infirmary, citrated
plasma was prepared from 9 ml of blood and
stored at -20°C until analysis. The detailed
clinical status of each patient at the time of blood
sampling was recorded together with the
aetiology of the portal hypertension. In 38
patients, liver biopsy had been performed but in
11 this was not possible because of coagulation
defects, and the aetiology of their portal hyper-
tension had been established by a combination of
clinical history, liver function tests, autoimmune
screening, and radiology. The date of the most
recent episode of upper gastrointestinal bleeding
was recorded, along with its cause. All patients
with portal hypertension admitted to the unit
with gastrointestinal bleeding that required
blood transfusion underwent endoscopy for diag-
nosis. The results of full blood count, coagula-
tion screen, urea and electrolytes, liver function
tests, and serum albumin were recorded. Each
patient was assessed clinically for the presence of
ascites or encephalopathy at the time of admis-
sion so that they could be assigned to a modified
Child's grade as described by Pugh." Any trans-
fusion of blood or blood products within the
week before blood sampling was noted.
Blood samples for determination of plasma

heparan sulphate concentrations were also taken
from a control group of 10 patients with normal
liver function who had had a gastrointestinal
bleed requiring at least 2 U of blood within the
seven days before sampling.
Plasma heparan sulphate concentrations were

measured by the method described by Reilly
et al."' Samples were pretreated with pronase
(Sigma; 5 mg/ml) at 37°C for 16 hours. They were
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then frozen to -20°C and thawed before assay.

Highly sulphated glycosaminoglycans in the
sample competed with BS125TBI HeS A (a gift
from Dr E A Johnson, National Institutes for
Biological Standards and Control, London, UK)
for binding to Polybrene-sepharose9 in 0.05 M
phosphate buffer, pH 7.4, containing 1% Tween
20 and 2.5 mg/ml bovine serum albumin
(Sigma). The results were assessed against
heparan sulphate HTS/435 ( a gift of Dr R
Mastacchi, Alfaricchi, Corlo, Italy) as a stan-
dard, and expressed as heparan sulphate equiva-
lent (HS equivalents).

Selected samples were treated with chron-
droitinase ABC (Sigma) at a concentration of
0.25 U/ml at 37°C for 16 hours before proteolysis
with pronase.
The Mann-Whitney U test was used to assess

differences between acute and stable groups and
the Kruskal-Wallis test used to assess the differ-
ences between modified Child's grades.

HEPARIN CLEARANCE
For the heparin clearance study, 10 age and sex

matched pairs were compared. Ten patients with
portal hypertension who had experienced
previous bleeds from oesophageal varices were

studied. The cause of the portal hypertension
was biopsy proven liver disease in all 10. Patients
were excluded from the study if they had experi-
enced an episode of bleeding in the previous
month or if their coagulation screen was signi-
ficantly abnormal (prothrombin time >2 seconds
prolonged). Patients were also excluded if they
had significant renal disease or were taking drugs
known to affect the liver enzymes or coagulation.
Age and sex matched controls were obtained
from patients admitted for minor surgery who
had normal liver function (serum bilirubin,
transaminases, alkaline phosphatase, and gamma
glutamyl transferase normal; no drug therapy;
and no history of excess alcohol consumption).
The study was approved by the Ethical Com-
mittee of the Royal Infirmary and informed
consent was obtained. Each patient underwent a

full physical examination before and after the
study. Pulse rate, arterial blood pressure, and
temperature were recorded and all current drug
therapy was noted. Blood samples were obtained
before the study for plasma heparan sulphate
determination, full blood count, urea and elec-
trolytes, liver function tests, and coagulation
screen. Routine urine analysis was performed
before and after the study.
On the day of the study, an indwelling cannula

was inserted in the left arm and flushed with
saline. A blood sample was taken five minutes
later. After a further 10 minutes, 2500 U of
sodium heparin were injected as an intravenous
bolus into the right arm. Blood samples were

taken from the left arm 5, 10, 20, 40, 80, and
160 minutes after the injection ofthe heparin. All
blood samples were taken into citrate anti-
coagulant, centrifuged, and the plasma was

stored at -20°C till analysis. Heparin values
were measured as described by Dawes et aP using
porcine mucosal heparin (Sigma) both for the
standard and in preparation of the radiolabel.
For each patient the log of the heparin concen-

TABLE I Characteristics of49 patients included in the study
ofplasma heparan sulphate values in patients with portal
hypertension

Patients without Patients wnth
recent bleed recent bleed
(n=22) (n=27)

Age (years) 53-6 (2.7) 58.5 (3.0)
(Mean (+ SEM))

Sex ratio 16:6 20:7
(M:F)

Modified Child's grade 7:11:4 4:7:16
(A:B:C)

Aetiology:
Alcoholic cirrhosis 13 16
Primary biliary cirrhosis 2 3
Cryptogenic cirrhosis 4 3
Chronic active hepatitis 2 2
Portal vein thrombosis 1 1
Secondary biliary cirrhosis 0 1
Drug induced cirrhosis 0 1

tration was plotted against time and the plasma
halflife (t7/2) estimated from the plot. The t ,/
values for the two groups were compared using
the Mann-Whitney U test.

Results

HEPARAN SULPHATE VALUES
Digestion of selected samples with chon-
droitinase ABC did not destroy their activity in
the assay, indicating that heparan sulphate rather
than dermatan or chondroitin sulphate was being
measured.

Table I shows the characteristics of the
patients with liver disease included in the first
study. The median plasma heparan sulphate
value was 1000 ng/ml (interquartile (IQ) range
375-3000 ng/ml). In a control population of 30
healthy individuals normal values were less
than 600 ng/ml (median 280; range <200-
600 ng/ml). Twenty nine of the 49 patients in our
study had a plasma heparan sulphate concentra-
tion of greater than 600 ng/ml. In 27 patients
who had experienced an upper gastrointestinal
bleed within the previous 28 days (median 5 days
before sampling; IQ range 2-15 days) the median
plasma heparan sulphate value was 1700 ng/ml
(IQ range 900-3900) compared with 390 ng/ml
(IQ range 256-800) in 22 patients who had had
no recent bleed (p<0.01) (Fig 1). High heparan
sulphate concentrations were also associated with
poor liver function, as assessed by modified
Child's grading (median (IQ range); Child's
grade A - 500 ng/ml (256-1800); grade B - 615
ng/ml (252-1700); grade C - 2500 ng/ml (620-
4200)) but this did not reach statistical signi-
ficance (p<05).
There was no association between the plasma

heparan sulphate concentration and coagulation

TABLE II Characteristics of the patients with chronic liver
disease who had heparin clearance studies performed

Age (years) 58.8 (+3.8)
(mean (+SEM))

Sex ratio (M:F) 4:6
Modified Child's Grade 9:1:0

(A:B:C)
Aetiology:

Alcoholic cirrhosis 7
Primary biliary cirrhosis 1
Cryptogenic cirrhosis 2
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hypertensive patients (25.5 minutes (IQ range
22-34)) was significantly longer (p<0007) than
the median half life in the controls (18-7 minutes
(IQ range 17-21-5)).

Weeks after gastrointestinal bleed

Figure 1: Plasma heparan values in 49 patients with liver disease, 27 ofwhom had a
gastrointestinal bleed within four weeks ofblood sampling (<4) and 22 ofwhom were stable
having had no gastrointestinal bleedingfor at leastfour weeks (>4).

screen abnormalities, liver function tests, or the
amount of blood transfused. The aetiology of the
portal hypertension did not seem to affect the
plasma heparan sulphate value, although both
the patients whose portal hypertension was
caused by portal vein thrombosis had lower
plasma heparan sulphate values, one having bled
two days previously and the other having been
stable for six months. In the 10 patients with
normal liver function but recent gastrointestinal
bleeding, the median plasma heparan sulphate
value was 230 ng/ml (IQ range 150-330 ng/ml).

HEPARIN CLEARANCE
The characteristics of the 10 liver disease
patients on whom heparin clearance studies were
performed are shown in Table II. The mean age
of the 10 normal controls was 56.5 years (SEN
3.9). Figure 2 compares the t,/2 for heparin in the
age and sex matched pairs of patients. The
median half life ofheparin in plasma in the portal

50 -I

Normal

Figure 2: Half-life (t, ,) of2500 U of intravenous sodium heparin in 10 age and sex matched
pairs ofpatients with and without liver disease.

Discussion
In patients with liver disease, both variceal and
non-variceal bleeding from the gastrointestinal
tract are common clinical problems.") Although
abnormal coagulation is a poor prognostic factor
for survival in liver disease,"" the risk of gastro-
intestinal bleeding in individuals is not well
defined. Boks'4 has shown an association between
abnormal coagulation factors and mucosal bleed-
ing but the cause of an episode of variceal
bleeding is probably multifactorial. It may be
that one of the factors affecting the risk of
gastrointestinal bleeding in patients with liver
disease is the presence of other local anti-
coagulant factors. In this study, plasma heparan
sulphate values were raised significantly after
recent gastrointestinal haemorrhage. Since
plasma heparan sulphate concentrations in a
control population with recent gastrointestinal
bleeding were normal, it seems unlikely that the
high values in the patients with liver disease were
caused by the bleed alone. This is supported by
the observation that plasma values are greater in
patients with severe liver disease. It may be that
the recent gastrointestinal bleeding has caused
further disturbance of liver function and that the
high heparan sulphate values are a consequence
rather than a cause of the bleed but it is tempting
to speculate that this substance may be a local
factor in determining bleeding risk in patients
with apparently normal coagulation.
The second study was undertaken in an

attempt to explain why patients with liver disease
might have increased heparan sulphate concen-
trations. High levels of plasma heparan sulphate
in portal hypertension might be the result of
increased synthesis or decreased catabolism. The
best way of distinguishing between these two
possible mechanisms would be to give heparan
sulphate and follow the clearance. Heparan sul-
phate is not yet a licensed therapeutic product,
however, and since heparin clearance is probably
mediated by the same routes9 it was decided to
examine heparin clearance in the first instance.

Previous work on heparin clearance in liver
disease is contradictory but this may well be
because of the use of activity rather than concen-
tration as a measurement of the heparin level. In
studies using heparin activity measurements,
Simon'` found increased clearance of heparin in
liver disease whereas Sette"' could only demon-
strate increased clearance in fulminant hepatic
failure but not in chronic liver disease patients.
In support of our own findings, Teien'7 has
reported a decrease in heparin clearance when
heparin concentration measurements are used.

It therefore seems likely that the increase in
plasma heparan sulphate concentrations in some
liver disease patients are caused by reduced

1 clearance by the diseased liver. The statistically
significant observation of increased plasma half
life in these relatively stable cirrhotic patients is
underlined by the fact that none had experienced
recent upper gastrointestinal bleeds and that they
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had better liver function than most ofthe patients
investigated in the first part of the study.
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